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[57] ABSTRACT 
A spread spectrum receiver including a convolver for 
establishing initial synchronization of received and ref 
erence pseudo noise codes and a delay lock circuit or 
other circuit for subsequently tracking the phase differ 
ence between both pseudo noise codes includes a delay 
adjuster which is provided between a reference pseudo 
noise code generator and a code phase adjuster for 
supplying the reference pseudo noise code generator 
with a control signal to delay the control signal in order 
to eliminate a variety of the delay time of the convolver 
and influences of the temperature characteristic. 
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SPREAD SPECTRUM RECEIVER 

FIELD OF THE INVENTION 

This invention relates to a spread spectrum receiver, 
and more particularly to a spread spectrum receiver 
suitable for a system con?gured to ?rst establish an 
initial synchronization in a convolver and thereafter 
effect a tracking using a delay lock, etc. 

BACKGROUND OF THE INVENTION 

FIG. 5 shows a direct sequence system which is one 
of spread spectrum communication systems. 

In FIG. 5, a transmitter of the aforegoing system 
generally comprises a carrier wave generator 1, a mixer 
2, a transmission pseudo noise code generator 3 and an 
antenna 6a. A receiver generally comprises a mixer 4, a 
reference pseudo noise code generator 5 and an antenna 
6b. 
A carrier wave outputted from the generator 1 (and 

modulated by information) and a pseudo noise code 
outputted from the pseudo noise code generator 3 are 
multiplied by the mixer 4, and a spread signal of a spec 
trum obtained from the mixer 4 is emitted from the 
antenna 6a. The receiver originally prepares in the ref 
erence pseudo noise code generator 5 a reference 
pseudo noise code which is identical to a pseudo noise 
code included in a received signal and has a phase iden 
tical to same, and multiplies it with a signal received by 
the antenna 6b in the mixer 4 to demodulate the carrier 
wave ?rst modulated by information. 

In a communication system as shown in FIG. 5, im 
mediate and proper phase synchronization of the refer 
ence pseudo noise code of the receiver is one of the 
most important technologies. The phase synchroniza 
tion process is divided into two steps, i.e. an‘ initial syn 
chronization process for ?nding a synchronous phase 
and a process for tracking the detected phase. Known 
technologies for the initial synchronization are sliding 
correlators, matched ?lters and others. Known tracking 
technologies are a tau-dither tracking and a delay lock 
tracking. Such a sliding correlator is con?gured to con 
tinuously change the phase of a reference pseudo noise 
code by slightly shifting the frequency of a reference 
pseudo noise code generating clock with respect to a 
transmission pseudo noise code generating clock in 
order to ?nd a synchronous phase. Instead of shifting 
the frequency, the code phase may be varied stepwisely. 
However, both cases require a long time until the syn 
chronous phase is detected. The use of a matched ?lter 
is effective to decrease the time. 
Such a matched ?lter is a transversal ?lter weighted 

by a predetermined code pattern. One period or part of 
one period of a transmission pseudo noise code pattern 
is used as the code pattern, synchronization detection is 
greatly speeded up. 
FIG. 6 shows an example of a delay line matched 

?lter in which adders 8 and 9 are connected to taps of a 
delay line 7, and a phase inverter 10 is connected to the 
adder 9, so that an adder 11 adds outputs of the inverter 
10 and adder 8. 
When synchronization detection is performed by the 

matched ?lter, it is followed by a tracking process of the 
detected phase. The tracking is performed, using a 
delay lock circuit as shown in FIG. 7. 

In FIG. 7, an IF ampli?er 13 and a demodulator 14 
are connected in sequence to a mixer 12 in which an 
input signal is entered. Mixers 15 and 16 are connected 
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2 
in parallel with the mixer 12, and their output stages are 
connected to envelope detectors 17 and 18. Outputs of 
the envelope detectors 17 and 18 are connected to a 
differential ampli?er 19. The differential ampli?er 19 
are connected in series to a low pass ?lter 20, clock 
generator 21 and a pseudo noise code generator 22. An 
output of the pseudo noise code generator 22 is applied 
to the mixers 15 and 16. A % clock delay circuit 23 is 
provided for the pseudo noise code generator 22 to 
apply its output clock to the mixer 12. 

Operation of the circuit of FIG. 7 is explained below, 
referring to a time chart of FIG. 8. 
A pseudo noise code and an input signal are multi 

plied by the mixers 15 and 16 under different pseudo 
noise codes. Their detection outputs A and B have a 
time difference T as shown in FIG. 8. The detection 
outputs A and B are entered in the ampli?er 19, and an 
output waveform C of the ampli?er 19 exhibits a form 
summing both inputs, with its intermediate point being 
a tracking point Q. 

Details of the aforegoing circuit is described in 
“Spread Spectrum Systems” by R. C. Dixon. 
A matched ?lter is effective in order to obtain a high 

speed initial synchronization. However, since the de 
tectable pseudo noise .code is ?xed, a number of 
matched ?lters are required in case of a code division 
multiple access. In this connection, an attention is paid 
in recent years to a convolver which can be used as a 
programmable matched ?lter. One of such convolvers 
is a monolithic ZnO/Si Sezawa wave convolver re 
ported under the title of '“Ef?cient Monolithic ZnO/ Si 
Sezawa Wave Convolver” in Ultrasonics Symposium 
of IEEE 1982. 
FIG. 9 is a block diagram showing an example of a 

correlator. 
A carrier wave generator produces a carrier wave 

having a frequency f0. A reference pseudo noise code 
generator 25 produces a reference pseudo noise code. 
Their outputs are applied to a mixer 27. An output of 
the mixer 27 is applied to a convolver 28 together with 
the received signal f0, and a signal Zfo is outuputted. 
The reference pseudo noise code is time-inverted with 
respect to a pseudo noise code of the transmitter side, 
and the center frequency of its output is twice the input. 
The time width of its correlation output is set at a half 
clock period with respect to the clock period in the 
system using a matched ?lter. 
The use of the convolver 28 in lieu of a matched ?lter 

for synchronization detection of the initial synchroniza 
tion provides a spread spectrum receiver using a desired 
pseudo noise code. 
As to synchronization detection, D. Brod & Korb 

proposed “Fast Synchronization in a Spread-Spectrum 
System based on Acoustoelectric Convolvers” in Ultra 
sonics Symposium of 1978 IEEE. The system includes a 
counter in a receiver to determine how much the phase 
of the reference pseudo noise code should be shifted in 
the initial synchronization. This is explained below, 
referring to FIG. 11. 
Td designates the delay time of a convolver 30, A 

denotes a received pseudo noise code, and A is a refer 
ence pseudo noise code obtai_r_1ed by time-inverting the 
pseudo noise code A. Code A and code A advance in 
opposite directions in the convolver 30. When the head 
of code A is entered in the convolver 30, the counter 
starts its operation. When the counter counts t1 sec 
onds, both codes coincide, and a large correlation out 
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put is obtained. By detecting this, it is recognized that 
both codes coincide at t1 seconds after the counting is 
commenced. It takes another t1 seconds for the head of 
the code A to reach the convolver input. Therefore, by 
measuring time t1 in the counter, the phase difference 
between both codes is known. It should be noted that 
one period length TpN of the pseudo noise code is 
shown in FIG. 11 as being equal to the delay time Td. 
By employing the aforegoing method for establishing 

initial synchronization, high-speed initial synchroniza 
tion is expected. 
A means including a delay lock for tracking the de 

tected phase difference is explained below, referring to 
FIG. 12. 
One input end of a convolver 31 is connected in series 

to a mixer 32, a pseudo noise code generator 33 and a 
clock generator 34. The other input end of the con 
volver 31 is supplied with a received signal. A carrier 
wave generator 35 is connected to the mixer 32 to su 
perpose a carrier on a pseudo noise code. On the other 
hand, the output end of the convolver 31 is connected in 
series to an envelope detector 36, a threshold detector 
37 and a code phase adjuster 38. The code phase ad 
juster 38 is connected to a pseudo noise code generator 
39 which is supplied with an output from the clock 
generator 35 and a start signal input. Further, a delay 
lock circuit 40 is provided for producing an LPF output 
and information output to the clock generator 34, based 
on the received signal input and an output of the pseudo 
noise code generator 39, respectively. 

In FIG. 12, an output 2fo of the convolver 31 is en 
tered in the code phase adjuster 38 after demodulation 
and threshold detection. The code phase adjuster 38 is 
con?gured to measure time t1 shown in FIG. 11 and 
adjust the code phase of the pseudo noise generator 39. 
The pseudo noise generator 39 controls the delay lock 
circuit 40 and tracks the above-mentioned phase differ 
ence. 

In the described receiving system, high accuracy is 
required in the delay time Td of the convolver. For 
example, as shown in FIG. 13, there is a case where Td 
is larger by At than TpN. In FIG. 13, the pseudo noise 
code of the pseudo noise code generator 39 of FIG. 12 
is shown by A’. When t=tl, a correlation output is 
obtained. It is at the time of t=2tl-At and not t=2t1 
shown in FIG. 11 that the head of the received pseudo 
noise code A is entered in the convolver 31 subse 
quently. If At is already known, the pseudo noise gener 
ator 39 may be adjusted by the code phase adjuster 38 so 
that code A’ starts from its head when t=2tl —At. 

In the prior art spread spectrum receiver, however, if 
the At is not known, a phase error corresponding to At 
is produced between the pseudo noise codes A and A’. 
For example, when Td=9 psec and clock cycle T=O.1 
usec, Td error amounts 9:0.05 psec because the error 
in the initial synchronization must be iT/ 2 as will be 
understood from FIG. 8. Therefore, there is a possibil 
ity of exceeding the variety of the convolver as manu 
factured. The variety can be eliminated by selecting 
products having acceptable Td. However, this appar 
ently increases the manufacturing cost. 

Additionally, there is possibility that Td exceeds an 
acceptable range due to the temperature characteristic 
of the convolver, and this prevents a reliable reception. 

OBJECT OF THE INVENTION 

It is therefore an object of the invention to provide a 
spread spectrum receiver eliminating variety in the 
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4 
delay time of convolvers as manufactured and influ 
ences of the temperature characteristics. 

SUMMARY OF THE INVENTION 

The object of the invention is attained by the use of a 
delay adjuster interposed between a reference pseudo 
noise code generator and a code phase adjuster to delay 
an output of the code phase adjuster. 
With this arrangement, by applying an external clock 

to the pseudo noise code generator in the initial adjust 
ment, the phase of the pseudo noise code after the initial 
synchronization is maintained, without tracking the 
above-mentioned phase difference. Therefore, the am 
plitude level of an information output can be readily 
acknowledged. Further, the delay adjuster delays an 
output pulse of the code phase adjuster to thereby offset 
the original variety in the delay time of the convolver as 
manufactured and effect a temperature compensation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an embodiment of 
the invention; 
FIG. 2 is a block diagram showing a test signal gener 

ator related to the invention; 
FIGS. 3 and 4 are block diagrams showing two delay 

adjusters related to the invention. 
FIG. 5 is a block diagram schematically showing a 

spread spectrum communication system; 
FIG. 6 is a circuit diagram showing a delay line 

matched filter; 
FIG. 7 is a block»diagram showing a delay lock cir 

cuit of a prior art spread spectrum receiver; 
FIG. 8 is a time chart showing operation of the ar 

rangement of FIG. 7; 
FIG. 9 is a block diagram showing an arrangement of 

a correlator using a convolver; 
FIG. 10 shows a waveform of an output of the con 

volver of FIG. 9; 
FIG. 11 is a view for explanation of phase shifting of 

a reference pseudo noise code; 
FIG. 12 is a block diagram of a receiver using a delay 

lock circuit; and ' 
FIG. 13 is a view showing a further phase shifting. 

DETAILED DESCRIPTION 

The invention is described below, referring to a pre 
ferred embodiment illustrated in the drawings. FIG. 1 is 
a block diagram showing an embodiment of the inven 
tion. In FIG. 1, circuit parts or members identical to 
those of FIG. 12 are denoted by the same reference 
numerals, and explanation is omitted as far as it is redun 
dant. 
The illustrated embodiment includes a switch 41 pro 

vided at the output of the clock generator 34 to switch 
ingly enter in the pseudo noise code generators 33 and 
39 one of the output of the clock generator 34 and an 
external clock. A test signal generator is used as a 
source of the external clock. The test signal generator is 
connected to the switch upon an initial adjustment. 
FIG. 2 shows an example of the test signal generator. 

In FIG. 2, reference numeral 45 denotes a clock gen 
erator for generating clock signals having a predeter 
mined cycle to serve as the external clock shown in 
FIG. 1. A pseudo noise code generator 46 produces a 
pseudo noise code based on the clock. A carrier wave 
generator 47 produces a carrier wave. A mixer 48 mixes 
outputs of both generators 46 and 47 and produces a 
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mixer output which serves as a test signal output (re 
ceiver input, i.e. convolver input). 
FIG. 3 is a circuit diagram showing details of the 

delay adjuster 42. 
Reference numeral 51 denotes a variable delay circuit 

which includes a coil 52 connected between an input 
' terminal and an output terminal, variable capacitance 
diodes 53a through 53d each connected to one of taps of 
the coil 52, a capacitor 54 connected between com 
monly connected anodes of the diodes and a grounded 
point, and a resistor 55 connected between the output 
terminal and a grounded point. The group of variable 
capacitance diodes cooperates with the coil 52 to con 
stitute an LC delay circuit so that the delay amount is 
adjusted by an electrostatic capacitance which varies 
with voltage applied to the diodes. 

In order to obtain the voltage to be applied to the 
diodes 53, there are provided a heat sensitive element 58 
for generating voltage responsive to a present tempera 
ture and a function generator 59 for generating a func 
tion value responsive to a detection value for the ele 
ment 58, in addition to a dc. source 56 for generating a 
reference voltage and a variable resistor 57. Further, an 
adder 60 is provided for adding an output voltage of the 
variable resistor 57 and an output voltage of the func 
tion generator 59 to apply a resulting output to the 
diodes 53. 
FIG. 4 is a block diagram showing a further arrange 

ment of the delay adjuster 42. A delay line 61 having 
multiple taps 1 through 11 each connected to one of 
input terminals of a multiplexer 62. A CPU 63 controls 
selection of the taps. The CPU 63 is connected to a 
temperature detector 64, a switch 65 and a memory 66 
to supply information for determining selection of the 
multiplexer and to store necessary information and pro 
gram. The delay amount is determined by whichever 
tap of the delay line 61 is selected by the multiplexer 62. 
With this arrangement, the pseudo noise code genera 

tor 39 (not-time-inverted reference pseudo noise code 
generator) shown in FIG. 1 is controlled to start code 
generation from the head of the code when a start signal 
is entered at t=0 and to start its code generation again 
from the head of the code in response to a subsequent 
output pulse‘from the code phase adjuster 38. If the 
delay amount of the delay line 51 of FIG. 3 or the delay 
line 61 of FIG. 4 is in the range of Tlitl, the output 
pulse of the code phase adjuster 38 is produced at a 
timing shown by: 

Further, t=2T1—(Tl+At1) is set at the center value of 
the delay amount of the convolver, and t1 is set at a 
larger value than the variety width of At caused by the 
variety of the convolver and the temperature. 
Under these conditions, the arrangement of FIG. 1 

operates as described below. 
In order to eliminate in?uences of the variety of Td 

of the convolver 31 as manufactured, an adjustment is 
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effected in the initial step. The test signal generator of 60 
FIG. 2 is connected to the arrangement of FIG. 1. Sub 
sequently, the switch 41 is connected to its contact 1. In 
this fashion, the delay lock circuit 40 is as much as not 
activated even after completion of the initial synchroni 
zation, and the phase after the initial synchronization is 
maintained. The voltage of an information output of the 

65 

delay lock circuit 40 is measured, using a suitable volt- . 
11161161‘. 

6 
The start signal is entered at a predetermined cycle, 

and the initial synchronizing operation is effected peri 
odically. An operator adjusts the variable resistor 57 of 
FIG. 3 or the switch 65 of FIG. 4 while watching the 
voltmeter so that the voltmeter indicates the maximum 
value. In this fashion, the receiver can start its tracking 
operation, starting from the optimum phase, just after 
the initial synchronization. After the adjustment is com 
pleted, the switch 41 is connected to its contact 2. 
The delay adjuster shown in FIG. 3 and FIG. 4 oper 

ates as described below. 
The variety of the delay amount Td of the convolver 

31 as manufactured can be corrected by adjusting the 
variable resistor 2. The head sensitive element 58 using 
a thermister, etc. supplies the function generator 59 
with a voltage responsive to the ambient temperature. 
The function generator 59 produces a voltage which 
substantially cancels the variation amount of the delay 
element 51 responsive to the variation amount of Td 
due to the temperature characteristic of the convolver, 
and the voltage is added to an output voltage of the 
variable resistor 57 by the adder 60. The resulting volt 
age is applied to the diodes 53. When the temperature 
characteristic of the delay element 51 is out of problem, 
the adder 60, function generator 59 and heat sensitive 
element 58 may be omitted so that the variable resistor 
57 directly applies its output to the diodes 53. 
The arrangement of FIG. 3 has an advantage that the 

delay amount is continuous and variable. However, it is 
difficult to arrange a function generator 59 which can 
offsets the temperature characteristic of the convolver. 
In this connection, the arrangement of FIG. 4 is prefera 
ble in a receiver having a CPU or other controller. 

In FIG. 4, the delay line has taps, and its delay 
amount is selected stepwisely by the multiplexer 62. 
The CPU 63 uses the output value of the switch 65 as its 
offset value, and reads the output of the temperature 
detector 64 to control the multiplexer 62, using a tem 
perature-to-delay amount conversion table data stored 
in the memory 66. In this fashion, highly accurate tem 
perature compensation is possible against any compli 
cate function of the temperature characteristic of the 
convolver. 
The delay adjuster may be formed by a shift register 

in lieu of the aforegoing two examples. Such an ar 
rangement using a shift register is effective when a large 
variable range is desired, and if it is used in combination 
of the arrangement of FIG. 3 or FIG. 4, a large variable 
range and a sufficient control resolving-power are ob 
tained. 

Further, the invention can be used also in any spread 
spectrum receiver having an arrangement using a con 
volver to detect synchronization and control the code 
phase of a reference pseudo noise code other than a 
receiver using a delay lock or other phase lock loop for 
code phase tracking. 
As described above, the invention can eliminate a 

code phase error in the initial synchronization caused 
by a variety of the delay amount of the convolver as 
manufactured. Further, it is also possible to eliminate a 
code phase error in the initial synchronization caused 
by the temperature characteristic of the delay time of 
the convolver. ' 

What is claimed is: 
1. A spread spectrum receiver, comprising: 
code generator means for generating a reference 

pseudo noise code and a further pseudo noise code; 
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?rst correlating means which includes a convolver 
for producing a ?rst correlation output signal in 
response to said reference pseudo noise code and a 
received signal containing pseudo noise; 

second correlating means for producing a second 
correlation output signal in response to said re 
ceived signal and said further pseudo noise code 
and for synchronizing the phase of a clock used to 
produce said further pseudo noise code with the 
phase of a clock used to produce said pseudo noise 
contained in said received signal; 

code phase adjuster means for generating an output 

10 

signal which causes said code generator means to ‘ 
adjust the phase of said further pseudo noise code 
by an amount which is a function of a time interval 
from the start of said reference pseudo noise code 
to said ?rst correlation output signal; and 

delay adjuster means for delaying said output signal 
of said code phase adjuster means by a time delay 
which is adjustable. 

2. A spread spectrum receiver of claim 1, wherein 
said delay adjuster means includes a delay circuit hav 
ing an inductance and a capacitor, said capacitor being 
a variable capacitance diode. 

3. A spread spectrum receiver of claim 2, wherein 
said variable capacitance diode is supplied with a volt 
age which is an offset voltage value. 

4. A spread spectrum receiver of claim 2, wherein 
said variable capacitance diode is supplied with a volt 
age which is a sum of an offset voltage value and a 
voltage value representative of a temperature. 

5. A spread spectrum receiver of claim 1, wherein 
said delay adjuster includes a delay line having plural 
taps and includes means for extracting from a selected 
one of said taps said output signal of said code phase 
adjuster. 

6. A spread spectrum receiver of claim 1, including 
switch means for selectively applying one of an external 
clock and an output of a clock generator having its 
phase controlled by said second correlation means to 
said code generator means for producing said reference 
pseudo noise code and said further pseudo noise code. 

7. A spread spectrum receiver of claim 1, wherein 
said reference pseudo noise code is a time-inverted 
image of said further pseudo noise code. 

8. A spread spectrum receiver of claim 1, wherein 
said delay adjuster means includes an input terminal, an 
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output terminal, a coil extending between said input 
terminal and said output terminal and having a plurality 
of taps, a plurality of capacitance devices each having a 
?rst end coupled to a respective one of said taps and 
having a second end, and voltage means for applying to 

second end of each said capacitance device a volt 
age. 

9. A spread spectrum receiver of claim 8, wherein 
said voltage means includes sensor means for sensing an 
ambient temperature and means responsive to said sen 
sor means for varying said voltage as a function of vari 
ations in said ambient temperature. 

10. A spread spectrum receiver of claim 9, wherein 
said capacitance devices are each a variable capacitance 
diode having a cathode and an anode which are respec 
tively said ?rst and second ends thereof, said anodes all 
being connected together, and wherein said delay ad 
juster means includes a capacitor connected between 
said anodes and ground, and a resistor connected be 
tween said output terminal and ground. 

11. A spread spectrum receiver of claim 1, wherein 
said delay adjuster means includes sensor means for 
sensing an ambient temperature, and means responsive 
to said sensor means for adjusting said time delay as a 
function of variations in said ambient temperature. 

12. A spread spectrum receiver of claim 1, wherein 
said delay adjuster means includes an input terminal, an 
output terminal, a coil having one end connected to said 
input terminal and having a plurality of taps, a multi 
plexer having a plurality of inputs each connected to a 
respective said tap and having an output connected to 
said output terminal, and control means for causing said 
multiplexer to couple a respective one of its inputs to its 
output. 

13. A spread spectrum receiver of claim 12, wherein 
said control means includes temperature sensor means 
for sensing an ambient temperature, and processing 
means responsive to said sensor means for causing said 
multiplexer to successively couple different said inputs 
thereof to said output thereof in response to a progres 
sive change in said ambient temperature. 

14. A spread spectrum receiver of claim 13, wherein 
said control means includes a switch, said processing 
means being responsive to actuation of said switch for 
changing the input of said multiplexer coupled to the 
output thereof at a given ambient temperature. 

* Ii * * * 


